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I . Introduction 

During  an  executive  session  of  a Commanders'  Conference 
hosted  by  the  Missile  Materiel  Rea.'iness  Command  (MIRCOM)  on 
13-15  June  1978,  the  subject  of  a manpower  and  work  load  analysis 
was  discussed.  Several  commanders  suggested  to  the  Chief  of 
Systems  Analysis  Division,  HQ,  DARCOM,  that  an  investigative 
study  to  examine  historical  trends  in  manpower  and  work  load 
has  considerable  merit  and  potential  economic  benefit.  The 
aim  at  HQ,  DAKCOM,  is  to  examine  all  of  their  important  work 
generating  functions.  Most  of  the  functions  performed  here  at 
TSARCOM  have  dimensions  and  are  quantifiable.  Because  these 
functions  are  quantifiable,  they  can  be  measured,  to  an  accept- 
able level  of  confidence,  by  classical  mathematical  methodology 
and  analysis.  The  expectation  is  imminently  optimistic  that 
valid  and  persuasive  relationships  can  be  developed  to  track 
trends  in  work  load  and  associated  manpower  needs.  Where  work 
measurement  standards  are  available,  these  data  will  be  used  in 
the  analysis.  In  the  absence  ot  these  Kinds  of  data  reports, 
trend  analysis,  ratio  analysis,  linear  and  multi-variate  cor- 
relation and  regression  techniques  are  among  the  suggested 
methodologies  to  be  used.  In  areas  less  susceptible  to  quantita- 
tive analysis,  professional  and  mature  judgement  may  be  employed 
through  the  use  ot  Delphi  iterations  or  other  proven  schemes. 
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II . Purpose  and  Objective 


The  purpose  of  MANOVA,  a manpower  analysis  of  variance, 
is  to  present  a comprehensive  mathematical  methodology  designed 
to  facilitate  establishment  of  a statistical  baseline  for 
measuring  manpower  levels  associated  with  work  load  dependence. 
Imminently,  the  objective  of  this  report  is  preliminary  and 
brief  in  establishing  a functional  manpower  model.  This  treat- 
ment is  subject  to  expansion  provided  the  need  for  statistical 
designs  of  manpower  analysis  becomes  evolutionary  upgraded. 


Ill . Scope  and  Applicability 


The  procedures  described  in  this  paper  are  primarily  in- 
tended to  illustrate  methods  of  correlation  and  regression 
analysis  with  special  emphasis  on  the  relationship  between 
manpower  and  work  load  parameters . The  techniques  provide 
useful  information  for  decision  making,  but  the  models  will 
not  make  a decision  for  the  decision  maker.  In  this  abbreviated 
treatment  of  manpower  modeling,  several  of  the  statistical 
parameters  which  serve  to  add  relevant  significance  to  the 
various  regression  equations  are  included.  These  statistics 
include  confidence  intervals  for  the  regression  coefficient  or 
slope  of  the  curve,  analysis  of  variance,  and  hypothesis  testing. 
This  paper  will  examine  the  significance  of  the  correlation 
coefficient  and  the  standard  error  of  the  estimate  of  the  in- 
dependent variable  (X,  or  work  load)  on  the  dependent  variable 
(Y,  or  manpower).  The  methodology  is  intended  to  support  and  defend 

the  DARCOM  Baseline  Study  for  conducting  applicable  manpower 
analyses  within  TSARCOM. 
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A 


IV . METHODOLOGY 


A.  Consideration  to  the  Approach.  Operational  effec- 
tiveness of  the  US  Army  Troop  Support  and  Aviation  Materiel 
Readiness  Command  (TSARCOM)  on  any  functional  organization 
is  increased  by  finding  better  ways  of  doing  work.  The 
implication  in  this  rather  obvious  premise  is  that  better 
ways  of  doing  work  are  accomplished  by  managing  the  use  of 
physical  and  human  resources  while  minimizing  cost  or  man- 
power expenditure.  Management  engineering  studies  of  the 
type  presented  herein  attempt,  through  analytical  and 
scientific  means,  to  provide  top  level  management  with  a 
sound  baseline  of  manpower  vs  workload  factors  whereby 
quality  manpower  allocation  and  economic  decisions  may  be 
made.  During  this  preliminary  phase  of  the  DARCOM  Baseline 
Study,  several  alternative  methods  are  available  to  analyze 
the  relationship  between  manpower  expenditure  and  the 
quantity  of  units  produced.  Some  techniques  which  were 
suggested  by  HQ,  DARCOM,  include: 

(1)  Trend  Analysis. 

(2)  Ratio  Analysis. 

(3)  Linear  Correlation  and  Regression  Analysis. 

(4)  Multi-variate  Correlation  and  Regression  Analysis. 

(5)  Other. 
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Under  the  category  of  "Other,"  the  authors  have  examined 
the  following  mathematical  and  statistical  methodologies. 


(1)  Exponential  Smoothing. 

(2)  Bayes'  Theorem. 

(3)  Bivariate  Curve  of  Best  Fit  Correlation  and  Re- 
gression, Linear  and  Curvilinear. 

The  method  proposed  by  the  authors  to  be  superior  in  measuring 
relationships  between  manpower  and  workload  for  troop  support 
and  aviation  system  managed  items  is  Simple  Regression,  Linear 
and  Curvilinear.  We  support  this  selection  by  rationale  for 
eliminating  all  of  the  above  and  setting  forth  our  rationale 
for  selecting  Simple  Regression,  Linear  and  Curvilinear. 

Trend  Analysis  is  essentially  a set  of  observations  taken 
at  specified  times,  usually  at  equal  intervals.  The  dominate 
characteristic  prevailing  in  this  type  of  analysis  is  time 
dependency.  Its  strongest  attributes  are  grounded  in  situa- 
tions where  there  exists  well  defined  secular  variations, 
cyclical  oscillations,  seasonal  variations,  and  random 
occurances  such  as  acts  of  nature,  strikes,  elections,  etc. 
TSARCOM  data  bases  are  not  compiled  in  sufficient  detail 
to  attempt  this  kind  of  manpower  analysis.  Eliminate  this 
alternative. 
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Ratio  Analysis  is  very  similar  in  characteristics  to 
Trend  Analysis.  In  this  method,  data  for  each  month  are 
expressed  as  percentages  of  monthly  trend  values.  This  con- 
cept is  extremely  laborious  and  inaccurate  since  too  much 
of  the  data  are  adjusted  to  approximations,  thereby 
introducing  extraneous  errors.  Simply  stated,  if  the  mean 
values  of  the  sample  data  are  not  100%,  some  arbitrary  factor 
must  be  introducted  to  adjust  the  data.  Eliminate  this  alter- 
native . 

Linear  Correlation  and  Regression  Analysis  is  by  far  the 
most  superior  method  of  the  previous  two.  However,  an 
assumption  must  be  made  in  this  kind  of  technique  that  all 
data  distributions  will  adjust  to  a straight  line  or  result 
in  a linear  best  fit  pattern.  The  assumption  associated 
with  this  method  is  too  arbitrary.  Eliminate  this  alternative. 

Multi-variate  Correlation  and  Regression  Analysis  is  in- 
deed a classical  and  value-proven  statistical  scheme.  This 
concept  considers  the  relationship  of  three  or  more  indepen- 
dent variables  acting  on  a single  dependent  variable.  For 
example,  one  might  attempt  to  measure  the  total  relationship 
of  manpower  in  terms  of  work  units  such  as  the  number  of 
travel  vouchers  processed,  travel  orders  initiated,  card 
punch  transactions  to  process  travel  payment,  the  number  of 
completed  travel  assignments  and  the  number  of  aborted 
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travel  assignments.  Under  such  a mix  of  variables  (inde- 
pendent though  they  may  seem) , the  notion  that  one  or  more 
of  these  "independent"  variables  is  indeed  dependent  on  each 
the  other  is  very  imminent.  This  concept  of  interdependency 
is  called  autocorrelation.  And,  while  there  are  techniques 
to  test  for  and  adjust  autocorrelation  residuals,  the  tech- 
nique of  multicorrelation  and  regression  is  too  time  con- 
suming and  risky  for  an  investigation  of  magnitude  such  as  the 
DARCOM  Baseline  Study.  Eliminate  this  alternative. 

Exponential  Smoothing  is  a discrete  time  series  fore- 
casting scheme.  In  this  kind  of  analysis,  the  data  must 
be  extremely  accurate  and  some  pre-planned  data  collection 
and  recording  system  must  be  in  existence  before  this  procedure 
can  be  accurately  manipulated.  Also,  the  derived  mathe- 
matical equations  make  use  of  a "smoothing  constant." 

This  smoothing  constant  is  essentially  a variable  weighting 

1 

factor  assigned  to  selected  parameters  in  the  mathematical 
equation.  Indeed,  the  smoothing  constant  is  the  most 
critical  variable  in  the  entire  scheme.  The  criteria  for 
selection  of  a smoothing  constant  is  fundamentally  judgemental 
therefore  arbitrary.  Because  the  smoothing  constant  is  derived 
by  heuristic  means,  the  forecast  resulting  from  this  methodology 
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is  often  viewed  with  skepticism  by  high  level  decision  makers. 

Mutual  fund  companies  use  this  methodology  to  forecast  earnings. 

Eliminate  this  alternative. 

Bayes  Theorem,  a probabalistic  method,  is  beyond  the 
scope  of  consideration  although  it  is  perhaps  the  most 
precise  of  all  the  methods  to  predict  probable  occurrences. 

Its  application  is  highly  complex  and  the  TSARCOM  data  base 
could  not  support  this  kind  of  classical  treatment.  It  is 
only  mentioned  here  so  that  the  reader  will  be  aware  that 
the  use  of  the  Bayesian  property  has  been  considered. 

Finally,  we  reach  the  method  of  simple  Bivariate  Re- 
gression, Linear  and  Curvilinear.  This  method  examines 
the  relationship  of  one  independent  variable  (work  load 
factors)  and  one  dependent  variable  (manpower)  from 
historical  data,  and  a curve  or  model  of  best  fit  is  generated 
which  in  turn  describes  the  data  in  six  equations.  For  purposes 
of  this  paper,  we  will  discuss  only  four  curve  fitting 
equations.  They  are  the: 

(1)  Linear  or  Straight  Line  Function. 

(2)  Exponential  Function. 

(3)  Parabolic  Function. 

(4)  Power  Function. 
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For  an  examination  of  these  four  "curve  of  best  fit  options" 
if  the  data  correlates  to  a prescribed  standard  (usually  a 
minimum  of  70%) , we  select  the  equation  which  best  explains 
the  behavior  of  our  data  as  we  have  experienced  and  recorded 
it.  Then,  if  our  history  is  recorded  accurately  and 
stratified  in  sufficient  invervals  (say  monthly) , we 
arrive  at  a baseline  from  which  we  can  extrapolate  or  pro- 
ject future  manpower/workload  scenarios.  By  this  method, 
using  selected  statistical  parameters,  we  are  able  to 
associate  levels  of  confidence  in  the  degree  of  fit  which 
the  mathematical  equation  describes.  While  this  method  is 
most  adaptable  to  support  the  TSARCOM  data  base,  there  are 
caveats  associated  with  its  use.  Some  of  these  caveats  are: 

(1)  It  is  a statistical  model  as  opposed  to  a deter- 
ministic model.  Therefore,  it  is  not  exact  and  it  must  be 
interpreted  in  the  fact. 

(2)  Care  must  be  exercised  by  the  user  to  insure  that 
the  input  variables  do  indeed  correlate.  Quite  often, 
numbers  selected  at  random  will  show  high  correlation  when 

in  fact  they  do  not  have  cause-effect  relationships.  This  method 
is  not  adequately  sensitive  to  re  ect  this  kind  of  misintended 
data . 
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(})  Interpreting  and  documenting  the  results  must  be 


clearly  annotated. 

(4)  There  are  strict  limitations  on  "how  far  out"  data 
can  accurately  be  forecast. 

(5)  Almost  without  exception,  the  object  of  a statistical 
study  is  to  furnish  a basis  for  generalization. 

Nevertheless,  the  strong  point  is  that  the  proposed  method 
has  a high  degree  of  credibility  in  spite  of  the  caveats  of 
which  we  are  aware.  The  fact  that  we  are  aware  of  the  caveats 
is  the  first  strong  point  in  our  favor.  Since  1968,  the 

Air  Force  has  used  this  method  with  success  in  its  management 
engineering  procedures.  (See  AFM  25-5,  Management  Engineering 
Procedures,  7 June  1968).  US  Army  Aviation  Systems  Command, 
under  contractual  consulting  services  with  Washington  University, 
St.  Louis,  MO,  used  this  method  with  success  in  a manpower 
study  conducted  in  1968  and  1969.  The  DESCOM  Baseline  Study 
of  1978  used  the  concepts  of  this  methodology.  From  a practical 
implementation  viewpoint,  there  are  several  advantages  for 
TSARCOM  in  using  this  methodology.  They  are: 

(1)  Analysts  are  familiar  with  the  method  and  have  the 
analytical  experience. 


10 


(2)  Computer  programs  are  available  within  the  Scientific 
and  Engineering  (S&E)  computer  system  (IBM  360/65) . 

(3)  A computer  program  is  available  for  partial 
printout  (testing)  and  graph  platting  on  TSARCOM's  mini- 
computer, the  Hewelet  Packard  9810. 

(4)  The  proposed  data  base  is  accessible  for  exercising 
this  model. 

(5)  The  procedure  is  easy  to  explain  to  high  level 
decision  makers. 

(6)  There  is  total  in-house  capability  to  support  the 
study  logistics. 

(7)  The  International  Mathematical  Statistical  Library 

( IMSL) , which  is  available  in  our  Directorate  for  Management 
Information  Systems,  has  full  documentation  and  proven  test 
cases  for  most  of  the  mathematical  formulation  for  this 
methodology. 

(8)  The  procedure  is  upwardly  compatible  for  updating 
as  new  data  becomes  available. 

(9)  Autocorrelation  effects  are  eliminated. 

B.  Simple  Regression,  Linear  and  Curvilinear.  The  first 
step  in  correlation  and  regression  modeling  is  logically  to 
select,  collect  and  compile  the  data.  This  step  results  in 
the  construction  of  a scatter  diagram.  The  scatter  diagram 
will  save  time  by  allowing  visual  elimination  of  obviously 
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unacceptable  or  implausible  relationships.  The  next  step 
is  to  process  the  data  through  a computer  program.  This 
output  will  result  in  a set  of  parameters  by  which  we  can 
determine  which  one  of  four  mathematical  equations  to  select 
for  the  analysis  or  to  reject  all  four.  This  first  selection 
of  degree  of  fit  will  be  based  on  the  standard  error  of  the 
estimate,  the  coefficient  of  correlation  and  the  index  of 
determination.  The  four  mathematical  models  will  be  a linear 
function,  an  exponential  functional,  a parabolic  function  and 
a power  function.  General  equations  describing  each  of  these 
functions  are  shown  in  the  Hypothetical  Case,  paragraph  C, 
below.  Once  a particular  function  (equation)  is  selected  as 
best  fit  of  the  data,  extrapolating  or  extending  the  regression 
equation  is  accomplished.  There  are  limitations  to  which  the 
regression  equations  are  constrained.  Mathematical  deviations 
describing  each  model  will  not  be  presented  in  this  paper. 

Most  mathematical  statistics  textbooks  contain  the  derivation. 
In  general,  the  best  model  to  select  from  this  methodology 
is  the  one  with  the  least  standard  error  of  the  estimate,  the 
highest  index  of  determination  and  the  highest  correlation 
coefficient.  All  this  being  the  case,  in  selecting  the  best 
model,  management  must  take  into  consideration  (in  addition 
to  the  statistical  criteria) , those  judgemental  considerations 
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and  real  world  factors  which  a mathematical  model  cannot 


quantify. 

C.  The  Hypothetical  Case.  For  the  purposes  of  illustra- 
tion of  this  methodology,  a hypothetical  (short)  case  is 
presented.  We  have  manpower  spaces  and  workload  units  pro- 
duced over  a 10  year  period.  We  wish  to  execute  the  Simple 
Regression,  Linear  and  Curvilinear  model  to  determine  the 
best  equation  for  establishing  a baseline  for  projection. 

The  next  pages  show  the  parameters  and  equations  derived  from 
the  same  data.  The  computation  shows  the  extrapolation  for 
five  projected  work  load  situation  years  and  the  number  of  man- 
power spaces  required  to  do  the  forecasted  work.  Appendices 
A through  F contain  details  which  the  more  than  casual  reader 
might  wish  to  examine. 


HYPOTHETICAL  DATA  BASE 


FISCAL  YEAR 
(FY) 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

Range  (X) : 6-57 

Range  (Y) : 2-8 

Mean  of  X = 34.7 
Mean  of  Y = 5.3 

N - 10 

Max  X = 10 
Mzx  Y = 60 


MANPOWER 
(Y) 

2 

3 

4 

4 

5 

6 
7 
7 

7 

8 


WORK  LOAD 
(X) 

17 

6 

22 

37 

50 

39 
31 
48 
57 

40 
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The  four  resultant  models  are: 


(1)  Linear,  Y = a+bx,  Y = 2.1707+0. 0902 (x) 

r2  = 0.51  r = 0.71  Syx  = 1.484  tc  = 2.896 

(2)  Exponential,  Y = a(exp)(bx),  Y = 2 . 385exp (0 . 0278x) 
r2  = 0.55  r = 0.74  Syx  = 0.318  tc  = 3.115 

(3)  Parabolic,  Y = a+bx+cx2,  Y = 1. 1825+0. 1721x-0.0013x2 
r2  = 0.54  r = 0.73  Syx  = 1.546  tc  = 9.267 

(4)  Power,  Y = axb,  Y = 0 . 9889x° . 4712 

r2  = 0.51  r = 0.71  Syx  = 0.332  tc  = 2.878 


Graphs  of  the  above  curves  are  shown  on  pages  17-20. 
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COMPUTATION  SUMMARY 


EXTRAPOLATION  (X) 


FUNCTION 

r 

Syx 

tc 

60 

64 

68 

72 

76 

Linear 

0.715 

1.484 

2.896 

7 

8 

8 

9 

10 

Exponential 

0.740 

0.318 

3.115 

9 

9 

10 

11 

12 

Parabolic 

0.733 

1.546 

9.267 

7 

7 

7 

7 

7 

Power 

0.713 

0.332 

2.878 

7 

8 

8 

8 

8 

Select  Exponential: 

(1)  Highest  Correlation  Coefficient  (r) 

(2)  Lowest  Standard  Error  of  the  Estimate  (Syx) 

(3)  Highest  "t"  statistic 

(4)  Interval  estimation  of  slope  is  smallest 
(See  Appendix  D) 

(5)  The  "F"  statistic  is  significant  at  the  97.5%  level 


WORKLOAD  (UNITS) 


WORKLOAD  (UNITS) 


PARABOLIC  FUNCTION 


WORKLOAD  (UNITS) 


V.  Cost  Estimating  Considerations.  From  our  hypothetical 


case,  we  selected  the  expoential  function  to  be  the  curve 

* 

of  best  fit  for  this  particular  data  scenario.  Let  us  now 
give  some  consideration  to  the  cost  estimates  associated 
with  this  projected  manpower  proposition.  Our  source  for 
making  cost  projections  is  DRCCP-ER  letter,  dated  28  Jul  78, 
subject:  Inflation  Guidance  (Appendix  E) . 

Let  us  assume  that  our  starting  point  is  the  current 
fiscal  year,  FY  78.  The  largest  number  of  people  in  our 
data  sample  is  8.  Let  us,  for  simplicity,  assume  that  these  8 
people  are  GS-ll's,  step  4.  The  yearly  salary  for  GS-11/4 
is  $20,085.  (General  Salary  Schedule,  Oct  77).  The  total 
yearly  salary  for  these  8 people  is, 

8 * $20,085  = $160,680 

Using  OSD/OMB  inflation  guidance,  dated  28  July  1978 
(Appendix  E) , Operations  and  Maintenance  compound  indices, 
our  cost  projections  over  the  next  five  fiscal  years  are 
shown  below: 


FY 

78 

8 

* 

$20,085 

* 

1.000 

= 

$160,680 

FY 

79 

9 

* 

$20,085 

* 

1.0630 

= 

$192,153 

FY 

80 

9 

★ 

$20,085 

* 

1.1268 

= 

$203,686 

FY 

81 

10 

* 

$20,085 

* 

1.1944 

= 

$239,895 

FY 

82 

11 

* 

$20,085 

* 

1.2613 

= 

$278,665 

FY 

83 

12 

★ 

$20,085 

* 

1.3319 

= 

$321,014 
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The  projected  (estimated)  salary  cost  to  implement 
this  kind  of  manpower  expansion  over  the  five  year  period, 
FY  79  - FY  83  is  $1,235,413. 
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VI.  Summary . We  have  presented  a comprehensive  discussion 
of  several  methodologies  which  might  apply  to  the  DARCOM 
Baseline  Study  with  particular  emphasis  on  TSARCOM's  capa- 
bility to  exercise  the  method.  We  have  selected  and  pro- 
posed one  method  from  those  alternatives.  It  is  the  method 
of  Simple  Regression,  Linear  and  Curvilinear.  Further,  we 
have  illustrated  a simple  hypothetical  case  to  show,  in  general, 
how  the  method  works.  Cost  considerations  have  been  illustrated 
using  recognized  DoD  inflation  guidance.  Through  correlation 
and  regression  analysis,  we  believe  we  have  a statistical 
technique,  which,  when  properly  used  with  accurate  data,  will 
provide  TSARCOM  management  an  ordered  set  of  baseline  alterna- 
tives to  complement  manpower  projection  decisions. 
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appendix  a 

SUMMATIONS  AND  GENERAL  RESULTS 


A- 1 


summ^ions^_and  general  results 


£x 

Sx2 

£xy 


= 347 
= 14,313 
= 2,044 

«2y  = 

^Y2- 

10 

34.7 

5.3 

(*Y)  2 

^(X-X)2  = 2272.10 

^(X-X)2  = 47.6665 
S(Y-Y)2  = 36. 10 
S(Y-Y)2  =»  6.0083 


53 
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APPENDIX  B 

COMPUTATION  OF  "t"  STATISTIC  FOR  CORRELATION  COEFFICIENTS 


B-l 


COMPUTATION  OF  "t"  STATISTIC  FOR  CORRELATION  COEFFICIENT 


I.  GENERAL 


tc  = 


N = 10 
m = 2 

N-m  = 8 


II.  g^RfoBOLIC,  GENERAL  (Compute  "F"  statistic  for  correlation 

coef fieient) 


tc 


m.  LINEAR  (SPECIFIC)  r2  = 0.51185  r = 0.71544 

1-r2  = 0.48815 

tc  = 0.715447  'v/T^f-0. 48815  = 2.896 

IV*  EXPONENTIAL  ( (SPECIFIC)  r2  = 0.54814  r = 0 74036 

1-r2 

= 0.45186 


tc  = 0 . 7 4 0 3 6 j 8 *“*’  0 . 45186  = 3.115 
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v.  PARABOLIC  (SPECIFIC)  r2  = 0.53671  r = 0.73260 

1-r2  = 0.46329 

= 0.53671  . 8 = 9.267 

0.46329  1 


VI.  POWER  (SPECIFIC)  r2  = 0.50870  r = 0.71323 

1-r2  = 0.49130 


tc  = 0.71323'WS  0.49130  = 2.878 
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APPENDIX  C 

COMPUTATION  OF  "t”  STATISTIC  FOR  REGRESSION  COEFFICIENTS 


COMPUTATION  OF  "t"  STATISTIC  FOR  REGRESSION  COEFFICIENTS 


I . GENERAL 


tH  = b 


Sb  = Syx 


where , 

b = Regression  Coefficient  (Slope) 

Syx  = Standard  Error  of  the  Estimate  of  X on  Y 
Sb  = Standard  Error  of  the  Independent  Variable  (X) 
tb  = "t"  Distribution  Statistic  for  the 
Regression  Coefficient 


II.  LINEAR  (SPECIFIC) 


Sb  = 1.48416  -4-  47.6665  0.03114 


t.  = 0.0902  4-  0.03114  - 2.896 


III.  EXPONENTIAL  (SPECIFIC) 


S.  = 0.31792-^-  47.6665  = 0.00667 


th  = 0.0278  4-  0.00667  = 4.168 


IV  PARABOLIC  (SPECIFIC) 


Sb  = 1.545714-  47.6665  = 0.03243 


tb  = 0.17214-  0.03243  = 5.307 


tc  = -0.0013  — 0.03243  = -0.040 


drccp-er 

SUBJECT:  Inflation  Guidance 


V.  POWER  (SPECIFIC) 


Sb  = 0.33150—  47.6665  = 0.00695 
tb  = 0.4712  -f-  0.00695  = 67.754 
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APPENDIX  D 

INTERVAL  ESTIMATIONS  OF  REGRESSION  EQUATIONS 
AND  HYPOTHESIS  TESTING 


INTERVAL  ESTIMATIONS  OF  REGRESSION  EQUATIONS 


AND  HYPOTHESIS  TESTING 


I . GENERAL 


A.  Hypothesis  test  for  correlation  coefficients  using 
the  "t"  distribution  table.  ("F"  distribution 
table  is  used  for  the  Parabolic  Function) 


H0:  r = 0 (Null  Hypothesis) 

Hi:  r ^ 0 (Alternative  Hypothesis) 


B.  Hypothesis  test  for  regression  coefficients  using 
the  "t"  distribution  table.  ("F"  distribution 
table  is  used  for  the  Parabolic  Function) 


H0 : b = 0 , H0:  c = o 
Hi:  b J-  0 , Hi:  c ? o 
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C.  Analysis  of  Variance  (ANOVA)  Table 
Significance  of  Regression 

for  Testing 

i 

Source  of 
Variation 

Sum  of  Degrees  of 

Squares  Freedom 

Mean 

Square  Fo 

Regression 

SSr  1 

MSr  MSR/MSt 

Error 

SSE  n-2 

mse 

Total 

SSy  n-1 

II.  LINEAR 

(SPECIFIC) 

A.  tc  = 2.896  tt  = 2.306  Table  Value  (8DF,  95%  confidence) 


tc  •>  tt,  Therefore,  we  reject  the  null  hypothesis, 
H0 , and  accept  the  alternative  hypothesis 
with  a Type  I error,  p = 0.05 


B.  °4  = 0.05,  l-s^  = 0.975,  t.p  (.975,8)  = 2.306 


tb  = 2.896 


fcb  > fcp'  Therefore,  we  reject  the  null  hypothesis, 
Hp,  and  accept  the  alternative  hypothesis 
with  a Type  I error,  p = 0.05 


Upper  "b"  limit  = 0.162 
Lower  "b"  limit  = 0.018 
The  95%  confidence  interval  is. 


0.018  6r  bf  0.162 


In  words,  the  true  value  of  ”b"  lies  in  the  interval 
between  0.018  and  0.162,  and  the  statement  is  made 
with  95%  confidence 
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C-  ANOVA  Table  (Linear  Function) 


Regression  14.478  1 18.478 
Error  17.622  8 2.203 
Total  36.1  9 


F ( . 05 , 1 , 8)  b.  5.32  and  we  conclude  that 
at  the  95%  confidence  level 


Fo  = 8.388 


"b"  is  not  zero 


HI.  EXPONENTIAL  (SPECIFIC) 


A.  tc  3.115  tt  - 2.306  Table  Value  ( 8DF , 95%  confidence) 


tc  > fct»  Therefore,  we  reject  the  null  hypothesis, 
Hq,  and  accept  4he  alternative  hypothesis 
with  a Type  I error,  p = 0.05 
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2 . 306 


B.  <,{=  0.05,  l-‘^2  = 0.975,  tp  (.975,8)  - 


tb  = 4.168 


s*  tp.  Therefore,  we  reject  the  null  hypothesis, 
Hq,  and  accept  the  alternative  hypothesis 
with  a Type  I error,  p = 0.05 


Upper  "b"  limit  = 0.0124 
Lower  "b"  limit  = 0.0432 
The  95%  confidence  interval  is. 


0.0124  b £:  .0432 
C.  ANOVA  Table  (Exponential  Function) 


Regression 

0.981 

1 

0.981 

Fo  = 9.705 

Error 

0.808 

8 

0.101 

Total 

1.789 

9 

F ( . 95 , 1 , 8 ) = 5.32  and  we  conclude  that  "b"  is  not  zero 
at  the  95%  significance  level 
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IV.  PARABOLIC  (SPECIFIC) 


A.  Fc  = 9.267,  Ffc  = 4.26  Table  Value  (F.95,2,8) 


Fc  > Ft,  Therefore,  we  reject  the  null  hypothesis. 
Ho,  and  accept  t.he  alternative  hypothesis 
with  a Type  I error,  p = 0.05 


B.  eC  = 0.05,  Fp  (.95,2,8)  = 4-26 


Fb  = 5.307 


Fc  = ABS (0. 040) 


Fb  ;>  F , Therefore,  we  reject  the  null  hypothesis, 
HQ , and  accept  the  alternative  hypothesis 
with  a Type  I error,  p = 0.05 


Fc  < Fp,  Therefore,  we  accept  the  null  hypothesis, 
H0 , and  reject  the  alternative  hypothesis 
with  a Type  II  error,  p = 0.05 


Interval  estimation  is  not  applicable  in  this  case. 


C.  ANOVA  Table  (Parabolic  Function) 


Regression 

Error 

Total 


19.375 

16.724 

36.099 


2 9.688  F = 4.055 

7 2.389 

9 


F(.95,2,8)  = 4.26  and  we  conclude  that  the  regression 
coefficients  "b"  and/or  "c"  could  be  zero  at  the  95% 
significance  level 


V.  POWER  (SPECIFIC) 


A.  tc  = 2.878,  tt  = 2.306  Table  Value  ( 8DF , 95%  confidence) 


tc  > tt.  Therefore,  we  reject  the  null  hypothesis, 
H0 , and  accept  the  alternative  hypothesis 
with  a Type  I error,  p = 0.05 
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B.  *<=  .05,  l-<*  = 0.975 
2 


tp(. 975,8) 


2.306 


tb  = 67.754 

*-b  ^ tp'  Therefore,  we  reject  the  null  hypothesis, 
H0 , and  accept  the  alternative  hypothesis 
with  a Type  I error,  p = 0.05 

Upper  "b"  limit  =0.48^ 

Lower  "b"  limit  = 0.A*S£ 

The  95%  confidence  interval  is. 


£ b £ 

0.4872 

; (Power 

Function) 

0.910 

1 

0.910 

0.879 

8 

0.  109 

1.789 

9 

Regression  0.910  1 0.910  F = 8.283 

Error 
Total 


F ( . 9 5 , 1 , 8 ) = 5.32  and  we  conclude  that  "b"  is  not  zero 
at  the  95%  confidence  level 
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DEPARTMENT  OF  THE  ARMY 

HEADQUARTERS  US  ARMY  MATERIEL  DEVELOPMENT  AND  READINESS  COMMAND 
5001  EISENHOWER  AVE.,  ALEXANDRIA.  VA.  22)33 


2 8 JUL  1978 


SUBJECT:  Inflation  Guidance 


SEE  DISTRIBUTION 


1 . References: 

a.  Letter,  DRCCP-ER,  28  Dec  77,  subject  as  above. 

b.  Letter,  DRCCP-ER,  10  Mar  78,  subject  as  above. 

2.  This  letter  furnishes  new  inflation  indices  recently 
finalized  by  OSD  and  DA.  These  revised  indices  should  be 
used  in  the  development  * of ' the ' FV  ' 91-85  WPT  an3"^eW  5g 
Budget.  Separate  guidance  will  be  istfueg  at  a later  date 
regarding*  use  of  inflation  indices  in  the  preparAtioHo!- 
Selected  Acquisition  Reports  (SAR * » V awfl  Product  Improvement 
Management  Information  Reports  (PRIMIR*a). 

i.  Inclosures  1-8  contain  the  revised  inflation  indices. 
Additional  guidance  is  provided  below: 

a.  RDTE  (Inclosure  1).  All  major  RDTE  projects  will  be 
nfijted.  Major  RDTE  projects  are  defined  as  those  systems 
estimated  to  cost  $75  million  or  more  over  the  life  of  the 
development.  Non-major  RDTE  projects  (less  than  $75  million) 
*i'd  toe  in-house  salary  portion  of  major  RDTE  projects  will 
not  be  inflated  for  budget  estimates.  For  RDTE  in-house 
salary  costs  for  life  cycle  cost  estimates,  the  OMA  rates 
••/'  ]]  be  used.  For  contract  non-major  RDTE,  the  RDTE  rates 
. ! 1 be  used . 

>.  Procurement  (Inclosures  2-6).  Indices  for  Aircraft, 
m weapons  and  Tracked  Combat  Vehicles,  Ammunition  and 

i v. ocur. ement  Army  (OPA)  are  attached.  All  Procurement 
,;c.  lations  will  be  inflated. 
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SUBJECT:  Inflation  Guidance 

(1)  Procurement  of  Other  than  Major  Weapons  Systems. 
Indices  for  the  applicable  appropriations  should  be  applied 
to  secondary  items,  modifications  and  product  improvements. 
Programs  not  specifically  covered  by  the  tables  in  Inclosures 
2-5  should  use  either  the  Other  Procurement,  Army  (OPA) 
indices  (Inclosure  6)  or  the  related  weapon  system  indices  as 
appropriate,  when  specific  data  is  not  available.  Since 
items  of  this  type  have  a short  leadtime  (typically  one  year 
or  less),  the  annual  inflation  rate  rather  than  the  composite 
rate  may  be  used  as  appropriate . If  the  item  outlay  pattern 
follows  the  major  item  outlay,  the  composite  rate  should  be 
used . 

(2)  Ammunition  (Inclosure  5).  Ammunition  Production 
Base  Support  will  be  inflated  as  follows: 

(a)  For  construction,  indices  at  Inclosure  8 should  be 
used  in  conj  unction  with  local  adj  ustment  factors  and 
guidance  contained  in  AR  415-17,  dated  9 Aug  76. 

(b)  For  equipment  procurement.  Other  Procurement,  Army 
(OPA)  indices  and  outlay  rates  as  contained  in  Irtclosure  6 
will  be  used. 

c.  OPA  (Inclosure  6).  As  stated  previously  in  reference 
la,  there  is  no  separate  composite  index  for  electronics. 

All  items,  including  electronic  items,  in  the  Other 
Procurement,  Army  (OPA)  appropriation  will  use  the  same 
index . 

d.  OMA  (Inclosure  7).  As  previously  stated  in  reference 
la,  OSD  policy  in  support  of  Section  806  of  the  Defense 
Appropriation  Authorization  Act  of  1977  requires  Operations 
and  Maintenance,  Army  (OMA)  to  reflect  "then  year"  prices. 

The  indices  at  Inclosure  7 will  be  used  for  that  portion  of 
the  OMA  Appropriation  not  already  covered  by  special  guidance 
on  pay  raises,  AIF/ASF  stabilization  increases  and  POL 
prices.  These  indices  should  also  be  used  for  outyear 
inflation  for  AIF/ASF  type  elements  of  cost/budget  estimates 
not  covered  by  near  term  special  guidance.  However,  if 
specific  pricing  guidance  is  issued,  e ,g . , revised  POL  and 
cost  per  gallon,  costs/estimates  must  be  adjusted 
accordingly . 
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e.  MCA  (Inclosure  8).  Inclosure  8 contains  indices  for 
military  construction  and  new  family  housing  appropriations. 
These  indices  should  be  used  in  conjuction  with  local  adjust- 
ment factors  and  guidance  contained  in  AR  415-17,  dated  9 Aug 
76.  Additional  guidance  was  contained  in  reference  lb. 

f.  MPA.  Since  the  budgets  for  the  military  pay  accounts 
are  not  inflated,  rates  for  those  accounts,  which  are  used 
only  in  cost  estimating  and  not  program/budget  documents, 
will  not  be  revised  at  this  time.  Indices  contained  at 
Inclosure  7,  reference  la,  will  remain  in  effect  for  cost 
estimating  purposes. 

4.  The  following  additional  procedures  will  be  followed  in 
the  application  of  the  subject  indices: 

a.  Cost  estimates  developed  as  input  to  the  Army  POM  and 
budget  must  use  the  attached  indices.  The  only  exception 
will  be  where  an  individual  program  manager  has  specific 
contractual  arrangements  with  the  prime  contractor  through 
contract  options  or  multi-year  contracts.  The  Director  of 
Army  Budget  must  be  advised  through  appropriate  inflation 
guidance  channels  of  all  such  arrangements  before  alternate 
rates  are  used  in  POM  or  budget  submissions. 

b.  When  there  is  a difference  in  inflation  application 
between  a budget  and  life  cycle  cost  estimate,  the  estimate 
should  be  submitted  both  ways  to  facilitate  the  cost  tracking 
process. 


c.  In  developing  life  cycle  cost  estimates  for  Army 
systems,  alternative  economic  assumptions,  e.g.,  decontrol  of 
gas  and  oil  prices  with  resultant  increase  in  POL  costs  to 
the  consumer,  may  be  used  so  long  as  the  assumptions  are 
clearly  defined. 

d.  Foreign  Military  Sales  (FMS)  . Unique  rates  will  not 
normally  be  used  for  FMS.  Published  rates  should  be  applied 
to  items  uniformly  whether  they  are  direct  Army,  FMS,  or 

other  customers. 
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5.  Questions  relatinq  to  inflation  policy  should  be  directed 
to  the  HQ  DARCOM  inflation  focal  point,  Peggy  Hombs 
(DRCCP-ER),  AUTOVON  284-9090/9105, 

FOR  THE  COMMANDER: 


8 Tncl 
as 


THOMAS  K.  HlfHTOWER 


LTC,  GS 

Executive  Olfice* 


,-riSS 
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DISTRIBUTION: 

COMMANDERS 

US  Army  Armament  Materiel  Readiness  Command,  ATTN: 

DRSAR-CPE,  Rock  Island,  IL  61299 
US  Army  Armament  Research  and  Development  Command,  ATTN: 
DRDAR-SEC,  Dover,  NJ  07801 

US  Army  Aviation  Research  and  Development  Command,  ATTN: 

DRDAV-BC , St  Louis,  MO  63166 
US  Army  Aviation  Research  and  Development  Command,  ATTN: 

DRDAV-PKC , St  Louis,  MO  63166 
US  Army  Communications  and  Electronics  Readiness  Command, 
ATTN:  DRSEL— CP-PR , Ft  Monmouth,  NJ  07703 

US  Army  Communications  Research  and  Development  Command, 
ATTN:  DRDCO— PPA— CA , Ft  Monmouth,  NJ  07703 

US  Army  Electronics  Research  and  Development  Command,  ATTN 
DRDEL-AP-OA,  Adelphi,  MD  20783 
US  Army  Mobility  Equipment  Research  and  Development  Command 
ATTN:  DRDME-CA , Ft  Belvoir,  VA  22060 

US  Army  Missile  Materiel  Readiness  Command,  ATTN:  DRSMI-FC 
Redstone  Arsenal,  AL  35809 

US  Army  Missile  Research  and  Development  Command,  ATTN: 

DRDMI-DC , Redstone  Arsenal,  AL  35809 
US  Army  Natick  Research  and  Development  Command,  ATTN: 
DRDNA-0 , Natick,  MA  01760 

US  Army  Tank-Automotive  Materiel  Readiness  Command,  ATTN: 
DRSTA-EC  , Warren,  MI  48090 

US  Army  Tank-Automotive  Research  and  Development  Command, 
ATTN:  DRDTA-VC,  Warren,  MI  48090 
US  Army  Tank-Automotive  Research  and  Development  Command, 
ATTN:  DRDTA-KP , Warren,  MI  48090 
US  Army  Test  and  Evaluation  Command,  ATTN:  DRSTE-CP-R, 
Aberdeen  Proving  Ground,  MD  21005 
US  Army  Troop  Support  and  Aviation  Readiness  Command,  ATTN: 
DRSTS-CC,  St  Louis,  MO  63120 

Hairy  Diamond  Labs,  ATTN:  Comptroller,  Adelphi,  MD  20783 
'JS  Army  Electronics  Materiel  Readiness  Activity,  Vint  Hill 
Farms  Station,  ATTN:  DRXEM-CP,  Warrenton , VA  22186 
US  Army  Electronics  Materiel  Readiness  Activity,  Vint  Hill 
Farms  Station,  ATTN:  DRXEM-NM-M , Warrenton,  VA  22186 
US  Army  Security  Assistance  Center,  ATTN:  DRSAC-WS , 5001 
Eisenhower  Ave.,  Alexandria,  '"A  22333 

' ’S  Army  Logistics  Management  Center,  ATTN: 

Ft  Lee,  VA  23801 


DRXMC-C-SCAD  , 


DRCCP-ER 

SUBJECT:  Inflation  Guidance 

US  Army  Materiel  Systems  Analysis  Activity,  ATTN:  DRXSY-CR, 
Aberdeen  Proving  Ground,  MD  21005 
US  Army  Management  Engineering  Training  Agency,  ATTN: 
Comptroller,  Rock  Island,  IL  61201 

DIRECTORS 

Materiel  Management,  ATTN:  DRCMM-R , DRCMM-MM , and  DRCMM-RS 

Procurement  & Production,  ATTN:  DRCPP-S 

Plans  & Analysis,  ATTN:  DRCPA-S 

Installations  & Services,  ATTN:  DRCIS-P 

Development  & Engineering,  ATTN:  DRCDE-P 

Battlefield  Systems  Integration,  ATTN:  DRCBSI 

Readiness,  ATTN:  DRCRE-IP 

''HIEFS 

i.ifice  of  Project  Management 

Office  of  Product  Improvement 

DRCCP-BF 

DRCCP-F 

DRCPP-IF 

All  Product/Project  Managers 
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APPENDIX  F 

TABLES 

"t"  TAB’  E 
"F"  TAB!'  E 


F-l 


'S0metIum 


31.821 

63.657 

6.9o5 

9.925 

4.542 

5.841 

i.  7 .7 

4.604 

3.  M 

4.032 

3 . 1 7 

3.707 

2.998 

3.499 

2.396 

3.355 

2.821 

3.250 

2.764 

3.169 

2.718 

3.106 

2 . <>81 

3.035 

2.650 

3.012 

2.624 

2.977 

2.602 

2.947 

2.583 

2.921 

2 .567 

2.898 

2.552 

2.878 

2.539 

2.861 

2.  628 

2.845 

2.518 

2.831 

2.508 

2.819 

2.300 

2.807 

2.492 

2.797 

2.485 

2.787 

2.4  79 

2.779 

2.473 

2.771 

2.467 

2.763 

2.462 

2.756 

2.457 

2.750 

2 . 326 

2.576 

